Background-Although studies have suggested that "late-onset" hypertrophic cardiomyopathy (HCM) may be caused by sarcomeric protein gene mutations, the cause of HCM in the majority of patients is unknown. This study determined the prevalence of a potentially treatable cause of hypertrophy, Anderson-Fabry disease, in a HCM referral population. Methods and Results-Plasma ␣-galactosidase A (␣-Gal) was measured in 79 men with HCM who were diagnosed at Ն40 years of age (52.9Ϯ7.7 years; range, 40 -71 years) and in 74 men who were diagnosed at Ͻ40 years (25.9Ϯ9.2 years; range, 8 -39 years). Five patients (6.3%) with late-onset disease and 1 patient (1.4%) diagnosed at Ͻ40 years had low ␣-Gal activity. Of these 6 patients, 3 had angina, 4 were in New York Heart Association class 2, 5 had palpitations, and 2 had a history of syncope. Hypertrophy was concentric in 5 patients and asymmetric in 1 patient. One patient had left ventricular outflow tract obstruction. All patients with low ␣-Gal activity had ␣-Gal gene mutations. Conclusion-Anderson-Fabry disease should be considered in all cases of unexplained hypertrophy. Its recognition is important given the advent of specific replacement enzyme therapy.
H ypertrophic cardiomyopathy (HCM) is defined by the presence of unexplained myocardial hypertrophy. In the majority of patients, the disease is caused by autosomaldominant inherited mutations in 1 of 9 genes that encode different cardiac sarcomeric proteins. 1 In 1995, Nakao and colleagues 2 reported a 3% prevalence of Anderson-Fabry disease in predominantly middle-aged male patients with left ventricular hypertrophy (LVH) associated with diverse pathologies. The implication of their study was that this nowtreatable disease is frequently undiagnosed. The aim of the present study was to determine the prevalence of Anderson-Fabry disease in a referral population of male patients with a clinical diagnosis of HCM.
Methods

Patients
The study cohort was composed of 79 consecutive men with HCM who were first diagnosed at Ն40 years of age (mean, 52.9Ϯ7.7 years; range, 40 to 71 years). A total of 74 men diagnosed at Ͻ40 years of age (mean, 25.9Ϯ9.2 years; range, 8 to 39 years) were studied for comparison. All had apparently unexplained LVH with a maximum left ventricular wall thickness Ն13 mm. Clinical examination, supine 12-lead electrocardiography, and ambulatory 48-hour ECG monitoring were performed in all patients.
M-mode, 2D, and Doppler echocardiography were performed as previously described 3 using a GE System V echocardiograph. The severity and distribution of LVH were assessed in the parasternal short-axis plane at the mitral valve and papillary muscle level. Maximum left ventricular wall thickness was defined as the greatest thickness in any single segment. Patterns of hypertrophy were defined in accordance with previously published methods. 3 Maximal left ventricular outflow tract flow velocity was determined using continuous-wave Doppler, and pressure gradients were calculated using the simplified Bernoulli equation. Left ventricular inflow velocities were obtained from the apical 4-chamber view using pulsed-wave Doppler echocardiography.
Screening for Anderson-Fabry Disease
Plasma ␣-galactosidase A (␣-Gal) activity was measured with the fluorogenic substrate 4-methylumbelliferyl-␣-D-galactopyranoside (Sigma), with N-acetyl-D-galactosamine (Nacalai Tesque) used as an inhibitor of ␣-N-acetylgalactosaminidase as described previously. 2 On the basis of previously published data, a plasma ␣-Gal activity of Ͻ1.2 nmol · h -1 · mL -1 was considered diagnostic of Anderson-Fabry disease. 2 Plasma ␣-Gal activity in 89 normal healthy men (aged 52Ϯ19 years; range, 14 to 80 years) was also measured.
Genetic Analysis
Mutations in the ␣-Gal gene were identified by amplifying each exon using polymerase chain reaction, followed by single-strand conformation polymorphism analysis (SSCP) and direct sequencing. Intronic oligonucleotide primers were designed using the PRIMER program (HGMP resource center, MRC Clinical Research Center). An ammonium acetate salting-out procedure was used to isolate genomic DNA from whole blood, as described previously. 4 Both polymerase chain reaction and SSCP analysis were performed using previously described methods. 5 All samples demonstrating an SSCP variation were directly sequenced using Dynal bead (Dynal) DNA strand separation and the Sequenase II kit (USB). 4
Statistical Analysis
The 2 test was used to compare noncontinuous variables, and the 2-tailed unpaired t test was used to compare continuous variables. Statistical significance was defined as PϽ0.05.
Results
Baseline clinical data are summarized in Table 1 . A total of 5 of 79 patients (6.3%) diagnosed at Ն40 years and 1 of 74 patients (1.4%) diagnosed at Ͻ40 years had low ␣-Gal activity (range 0.1 to 0.7 nmol · h -1 · mL -1 ). ␣-Gal activity in the remaining 147 patients was 7.4Ϯ2.7 nmol · h -1 · mL -1 (range, 2.3 to 25.0 nmol · h -1 · mL -1 ). Plasma ␣-Gal activity in the 89 controls was 8.4Ϯ2.4 nmol · h -1 · mL -1 (range, 4.8 to 17.6 nmol · h -1 · mL -1 ). All 6 patients with low ␣-Gal activity had cardiovascular symptoms at presentation. None had a family history of cardiomyopathy or Anderson-Fabry disease. All were normotensive, and 2 had an elevated serum creatinine. Retrospective clinical examination revealed angiokeratoma and acroparaesthesia in 1 patient (patient 3). Five of the 6 patients had undergone coronary angiography; 4 had angiographically normal coronary arteries, and one had a 50% stenosis in the circumflex artery (patient 1). All 6 patients with low ␣-Gal activity had an abnormal ECG ( Table 2 and Figure 1 ). One patient (patient 6) had been paced for symptomatic second-degree heart block and was in atrial fibrillation. The ECGs in the remaining 5 patients all met Romhilt-Estes 6 criteria for LVH. Two patients had one or more episodes of nonsustained ventricular tachycardia during Holter monitoring.
The echocardiographic features in the patients with Anderson-Fabry disease are shown in Table 3 . Maximum left ventricular wall thickness was 21Ϯ4 mm (range, 14 -26 mm). Five had concentric hypertrophy (Figure 2) , and one had asymmetric septal hypertrophy (patient 6). One patient had systolic anterior motion of the mitral valve and a left ventricular outflow tract gradient of 80 mm Hg (patient 4).
Genetic Analysis
Patients 1, 4, and 5 had the same missense mutation in exon 5 (an adenine to guanine transition at position 644, leading to the substitution of serine for asparagine at residue 215). Patient 2 had a novel thymidine-to-cytosine transition at position 950 in exon 6, resulting in the substitution of threonine for isoleucine at residue 317. Patient 6 had a guanine-to-thymidine transition at nucleotide 937 in exon 6 of the coding sequence, which predicted a substitution of tyrosine for aspartic acid at residue 313. Patient 3 had a novel single base pair deletion at position 1223, predicting a frameshift in the reading frame at amino acid 408 and premature termination of translation of the protein product.
Discussion
Clinical features of Anderson-Fabry disease usually appear in childhood and adolescence. As patients age, cardiovascular disease, including conduction abnormalities, cardiomyopathy, and stroke, become a major cause of morbidity. 7 Several reports have suggested that some male hemizygotes remain asymptomatic for most of their adult life. In a study of 1603 men undergoing echocardiography, Nakao and colleagues 2 identified 230 individuals with a left ventricular wall thickness of at least 13 mm, of whom 7 (3%) had ␣-Gal deficiency. Notably, 6 of the 7 were said to have unexplained hypertrophy. The wider significance of these findings was, however, uncertain because the prevalence of unexplained hypertrophy was unusually high (3% compared with estimates of between 1/500 and 1/1000 in most population studies). 8
Comparison of Anderson-Fabry Disease and Familial HCM
Most patients with familial HCM have asymmetrical septal hypertrophy (ASH). 3 In contrast, 5 of the 6 patients with low ␣-Gal activity in this study had concentric hypertrophy. These data are consistent with a recent study of 30 patients with Anderson-Fabry disease; 37% of these patients had concentric LVH, 10% had ASH, and 3% had an eccentric pattern of hypertrophy. 9 In 25% of patients with familial HCM, ASH is associated with dynamic subaortic obstruction. 10 In the present study, one patient with Anderson-Fabry disease had a typical outflow gradient in association with concentric hypertrophy. Many electrocardiographic abnormalities have been described in Anderson-Fabry disease, including short PR intervals and prolonged QRS duration. Both are also described in familial HCM. 11 With regard to arrhythmia, one patient with low ␣-Gal activity had permanent atrial fibrillation and 2 had nonsustained ventricular tachycardia on Holter monitoring. The prevalence and clinical significance of these arrhythmias in Anderson-Fabry disease cannot, however, be determined from the present study.
Clinical Implications
The present study demonstrates that, as a cause for HCM, Anderson-Fabry disease is at least as common as some sarcomeric protein gene mutations. 1 It should be suspected in male patients with concentric hypertrophy and no family history of HCM or inheritance consistent with X-linked disease. Correct diagnosis is important because recent advances in the treatment of Anderson-Fabry disease may offer stabilization and reversal of some cardiovascular manifestations. 12, 13 
Limitations
In view of the X-linked recessive inheritance of Anderson-Fabry disease, we only screened male patients. Although female heterozygotes can also present with cardiac involvement, biochemical diagnosis can be problematic because they often have intermediate levels of enzyme activity overlapping with those seen in normal controls.
The normal controls in this study were Japanese. Although this raises the possibility of ethnic differences, the ␣-Gal levels used to define Anderson-Fabry disease conform with those used in Western populations. LVWT indicates maximum left ventricular wall thickness; LA, left atrium; LVED, left ventricular end-diastolic dimension; LVES, left ventricular end-systolic dimension; AF, atrial fibrillation; IVRT, isovolumic relaxation time; MR, mitral regurgitation; and AR, aortic regurgitation. 
